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Recently, in this journal, Dr Undurti Das [1] suggested that
treatment of sepsis, septic shock and burns should also
include infusion of glucose–insulin–potassium (GIK), with the
objective of the infusion being to achieve plasma glucose
concentrations below 6.1 mmol/l (<110 mg/dl). That
conclusion was based on the combined results of a number
of studies. In our opinion, however, no single clinical trial has
yet been reported that supports this conclusion.
Euglycaemia in critically ill patients
It has been shown that achieving and maintaining
euglycaemia (i.e. plasma glucose concentrations of
4.4–6.1 mmol/l) in patients admitted to surgical intensive
care units leads to marked reductions in morbidity and
mortality [2]. However, in that study the investigators did not
use a GIK infusion; rather, meticulous regulation of serum
glucose was achieved by combining intensive insulin
treatment with intravenous glucose (200–300 g/24 hours).
The following day the infusion was replaced by parenteral
nutrition, combined parenteral and enteral nutrition, or enteral
nutrition, according to a set scheme. Potassium was only
supplemented when a check-up showed that hypokalaemia
was either imminent or present (G van den Berghe, ICC van
der Horst, personal correspondence).
Glucose–insulin–potassium infusion in
sepsis, septic shock and burns patients
No studies are available in cases of sepsis, septic shock and
burn patients in which euglycaemia was pursued with the aid
of GIK infusion and that assessed mortality. There are few
data pertaining to the haemodynamic effects of GIK in
sepsis. In 15 patients with septic shock, GIK infusion led to
an increase in cardiac output [3]. This effect was also shown
in 14 patients with peritonitis and signs of hypovolaemic
shock, in spite of positive fluid balance and cathecholamine
treatment [4]. In burns victims intravenous GIK had the same
effect [5]. This appears to clarify the roles of the individual
components of GIK, in particular with regard to
haemodynamic support of the patient by insulin [6]. In the
study conducted in a surgical intensive care unit [2], patients
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Abstract
There is no hard evidence yet for a positive effect of glucose–insulin–potassium infusion in sepsis,
septic shock or burn patients. Each individual element of the glucose–insulin–potassium regimen, and
eventually euglycaemia, should theoretically be beneficial. At present, evidence exists only for reduced
mortality with strict metabolic treatment (i.e. blood glucose levels of 4.4–6.1 mmol/l) in critically ill
patients admitted to surgical intensive care units, and for better metabolic regulation (i.e. blood glucose
levels of 7.0–10.0 mmol/l) in patients with hyperglycaemia and/or diabetes mellitus, and in patients
without signs of heart failure (i.e. Killip class I) during acute myocardial infarction.
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with sepsis formed a small subgroup (maximum 5%). The
fact that there were four times as many patients who died
from established sepsis in the conventionally treated group
as compared with the intensively treated group supports the
value of intervention in glucose metabolism during sepsis. A
problem that should be anticipated is obtaining and
maintaining euglycaemia; after all, one of the features of
sepsis is the presence of hyperglycaemia as well as
hypoglycaemia. The scheme used in the above-mentioned
study [2] has not been validated in septic patients. It is to be
expected that serum glucose values will have to be checked
more frequently than once every 2–4 hours.
Metabolic treatment in acute myocardial
infarction
Metabolic treatment during myocardial ischaemia has been
studied before. The Diabetes Insulin Glucose Infusion Acute
Myocardial Infarction (DIGAMI) study, which included 620
patients, is the only study that aimed at meticulous regulation
of serum glucose concentrations by infusing glucose and
insulin [7,8]. Patients with known diabetes mellitus or serum
glucose concentrations greater than 11.0 mmol/l were
randomly assigned to an insulin–glucose infusion for
24 hours, followed by a minimum of 3 months of intensive
insulin therapy, or to conventional treatment. The objective
was to maintain serum glucose concentrations between 7.0
and 10.0 mmol/l, which is well above concentration range of
4.4–6.1 mmol/l referred to above. After 1 year, those
investigators found that, in particular, the group of patients
who had had no previous insulin treatment and were not
known to have risk factors such as a history of myocardial
infarction gained most from the glucose metabolism
intervention (mortality was 8.6% versus 18.0% in the control
group). For the study population as a whole, the absolute
reduction in mortality was 7.5% (P = 0.0273).
However, a definite place for GIK infusion in the treatment of
acute myocardial infarction has not yet been settled. In 1997,
a meta-analysis of studies of GIK in the treatment of acute
myocardial infarction was published [9]. That meta-analysis
included nine studies and 1932 patients, and showed that
GIK treatment resulted in a reduction in 30-day mortality from
21% to 16.1% (P = 0.004). In the four studies in which GIK
was administered at high doses (n = 228) the difference
appeared to be even larger: a reduction from 12% to 6.5%
(not significant). There were substantial differences between
the nine studies, in particular with regard to the time at which
the first symptoms appeared and the start of treatment, and
regarding the composition of the GIK cocktail and the
duration of treatment. Moreover, only 17 patients were
treated by adding GIK to reperfusion, which is the present
standard treatment.
The Estudios Cardiologicos Latinoamerica (ECLA) pilot trial
[10], including 490 patients, showed that 30-day mortality in
the group of patients randomly assigned to GIK was lower
than that in the control group (6.7% versus 11.5%; not
significant). As mentioned in the commentary of Das [1], the
effect was most pronounced in patients in whom GIK had
been combined with reperfusion treatment, mostly
thrombolysis (5.1% versus 15.1%; P = 0.01). However,
mortality was very high in the control group, even higher than
in the control group of patients who had not been treated
with reperfusion (11.5%). Moreover, the Polish GIK (Pol-GIK)
trial [11], which was published 1 year later, could not confirm
the results of the ECLA pilot trial. In a group of 954 patients,
the mortality of 8.9% in the GIK group was even significantly
higher than that in the control group (4.8%; P = 0.01).
Mortality due to a cardiovascular incident was not
significantly different, and as such the cause of the difference
remained obscure.
The guidelines of the American College of Cardiology/
American Heart Association state that GIK in the treatment of
acute myocardial infarction is very promising, but that it will
take a large randomized study to determine its effectiveness
once and for all [12].
Recently, the Glucose–Insulin–Potassium Study (GIPS) [13]
reached its conclusion. In that study 940 patients were
randomly assigned to primary coronary angioplasty with GIK
(glucose 20% with 80 mmol potassium at a rate of 3 ml/kg
body weight/hour and 50 IU insulin in 50 ml water
administered according to serum glucose concentrations) or
to angioplasty without GIK. Although the mortality reduction
in the overall population did not reach significance, the
results showed that in 856 patients without signs of heart
failure (i.e. Killip class I) the mortality reduction was 3.0%
(P = 0.01).
Conclusion
It is to be expected that in the future the role of GIK, with or
without meticulous glucose regulation, will be established in
the treatment of various conditions [14]. At present clinical
studies only support its effectiveness in patients admitted to
a surgical intensive care unit and treated with meticulous
glucose regulation combined with nutrition, and in patients
with diabetes mellitus and acute myocardial infarction who
are treated with an insulin–glucose infusion and intensive
insulin therapy for at least 3 months. New clinical studies will
show whether experimentally obtained results, such as the
effect of insulin on immune function and apoptosis [15], can
effectively be translated into routine practice, particularly in
sepsis, septic shock and burns patients.
Competing interests
None declared.
Acknowledgement
The research of ICC van der Horst was supported by a generous grant
from the Netherlands Heart Foundation (99.028).15
References
1. Das UN: Is insulin an endogenous cardioprotector? Crit Care
2002, 6:389-393.
2. van den Berghe G, Wouters P, Weekers F, Verwaest C, Bruyn-
inckx F, Schetz M, Vlasselaers D, Ferdinande P, Lauwers P, Bouil-
lon R: Intensive insulin therapy in the critically ill patients. N
Eng J Med 2001, 345:1359-1367.
3. Bronsveld W, Bos GC van den, Thijs LG: Use of glucose-
insulin-potassium (GIK) in human septic shock. Crit Care Med
1985, 13:566-570.
4. Mauritz W, Schindler I, Zadrobilek E, Sporn P: Glucose-potas-
sium-insulin in hypodynamic septic shock. Anaesthesist 1986,
35:623-627.
5. Kobayashi H, Yoshioka T, Maemura K, Ohashi N, Sawada Y, Sugi-
moto T: Hemodynamic and diuretic effects of GIK (glucose-
insulin-potassium) treatment on extensive burn patients. J
Trauma 1983, 23:116-122.
6. ter Maaten JC, Voorburg A, de Vries PM, ter Wee PM, Donker AJ,
Gans RO: Relationship between insulin’s haemodynamic
effects and insulin-mediated glucose uptake. Eur J Clin Invest
1998, 28:279-284.
7. Malmberg K, Ryden L, Efendic S, Herlitz J, Nicol P, Waldenstrom
A, Wedel H, Welin L, on behalf of the DIGAMI study group: Ran-
domized trial of insulin-glucose infusion followed by subcuta-
neous insulin treatment in diabetic patients with acute
myocardial infarction (DIGAMI study): effects on mortality at 1
year. J Am Coll Cardiol 1995, 26:57-65.
8. Malmberg K: Prospective randomised study of intensive
insulin treatment on long term survival after acute myocardial
infarction in patients with diabetes mellitus. DIGAMI (Dia-
betes Mellitus Insulin Glucose Infusion in Acute Myocardial
Infarction) Study Group. BMJ 1997, 314:1512-1515.
9. Fath-Ordoubadi F, Beatt KJ: Glucose-insulin-potassium therapy
for the treatment of acute myocardial infarction: an overview
of randomized placebo-controlled trials. Circulation 1997, 96:
1152-1156.
10. Diaz R, Paolasso EA, Piegas LS, Tajer CD, Moreno MG, Corvalan
R, Isea JR, Romero G, On behalf of the ECLA (Estudios Cardio-
logicos Latinoamerica) Collaborative Group: Metabolic modula-
tion of acute myocardial infarction: the ECLA Glucose–
Insulin–Potassium Pilot Trial. Circulation 1998, 98:2227-2234.
11. Ceremyzynski L, Budaj A, Czepiel A, Burzykowski T, Achremczyck
P, Smielak-Korombel W, Maciejewicz J, Dziubinska J, Nartowicz E,
Kawka-Urbanek T, Piotrowski W, Hanzlik J, Cieslinski A, Kawecka-
Jaszcz K, Gessek J, Wrabec K, for the Pol-GIK Trial Investigators:
Low-dose glucose-insulin-potassium is ineffective in acute
myocardial infarction: Pol-GIK multicenter trial. Cardiovasc
Drugs Ther 1999, 13:191-199.
12. Ryan TJ, Antman EM, Brooks NH, Califf RM, Hillis LD, Hiratzka LF,
Rapaport E, Riegel B, Russel RO, Smith EE III, Weaver WD,
Gibbons RJ, Alpert JS, Eagle KA, Gardner TJ, Garson A Jr, Grego-
ratos G, Smith SC Jr: 1999 update: ACC/AHA Guidelines for
the Management of Patients with Acute Myocardial infarction:
Executive Summary and Recommendations: A report of the
American College of Cardiology/American Heart Association
Task Force on Practice Guidelines (Committee on Manage-
ment of Acute Myocardial Infarction). Circulation  1999, 100:
1016-1030.
13. van der Horst JCC, Zijlstra F, Bilo HJG, van ’t Hof AWJ, de Boer
MJ, Suryapranata H, Dambrink JH, Gosselink ATM, Gans ROB,
Hoorntje JCA: The Glucose–Insulin–Potassium Study (GIPS):
a randomised controlled trial of glucose–insulin–potassium
infusion as adjunctive therapy in acute myocardial infarction
[abstract]. Neth J Med 2002, 60:43-44.
14. Das UN: Hypothesis: can glucose-insulin-potassium regimen
in combination with polyunsaturated fatty acids suppress
lupus and other inflammatory conditions? Prostaglandins
Leukot Essent Fatty Acids 2001, 65:109-113.
15. Groeneveld ABJ, Beishuizen A, Visser FC: Insulin: a wonder
drug in the critically ill? Crit Care 2002, 6:102-105.
Available online http://ccforum.com/content/7/1/13